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Abstract

The cross section for the production and subsequent decay to electron and neutrino of the W intermediate vector
boson has been measured in 1.8 TeV pp collisions at the Fermilab Tevatron Collider. An analysis of events with
missing transverse energy greater than 25 GeV and with an electron of transverse energy greater than 15 GeV from
a data sample of 25.3 nb~! gives o+ B = 2.6 & 0.6+ 0.5 nb.
PACS numbers: 13.85Qk, 14.80Er .

The conventional mechanism for the production

of W bosons in high energy pp collisions is the

ergy of 0.63 TeV. We report here a measurement
using the Collider Detector at Fermilab (CDF) of

Drell-Yan process[1] - the annihilation of a quark
and an antiquark into the W. The first-order cross
section is directly predicted from the quark momen-
tum distributions in the proton (structure func-
tions) and the weak coupling constant[2]; higher
order strong interaction corrections have also been
calculated[3]. One expects an approximately three-
fold increase in the W boson production cross sec-
tion at the Tevatron energy of 1.8 TeV compared
to the measured results[4] at the CERN collider en-

o - B at 1.8 TeV , where B is the branching ratio
of the W to electron and neutrino.

A brief description of CDF follows: the appara-
tus is described fully in Ref. [5). Vertex time pro-
jection chambers (VTPC’s) around the beam pipe
are used to determine the event vertex position.
The Central Tracking Chamber (CTC), which sur-
rounds the VIPC system and is immersed in a 1.5
T axial magnetic field, provides momentum deter-
mination of charged particles with a resolution of



6Pr/P} ~ 0.002 (GeV/c)™1.

The electromagnetic (EM) and hadronic (HAD)
calorimeters are arranged in a fine-grained projec-
tive geometry covering polar angles from 2° to 1782,
The calorimeters are organized into three major
angular or pseudo-rapidity, 7 = — In(tan8/2), re-
gions: the “central” and “endwall” region (|n| <
1.1); the “end plug” (1.1 < |n] < 2.4) region; and
the “forward” (2.4 < |n| < 4.2) region. The central
calorimeters are scintillator based whereas the end
plug and forward calorimeters use gas proportional
chambers.

The calorimeter towers are approximately 0.1
wide in 9 and 15° or 5° wide in azimuth (@), for
scintillator sampling and gas sampling calorime-
ters, respectively. Planes of scintillation counters
on each side of the interaction point (the beam-
beam counter system) cover the region 3.2 < |5| <
5.9. Signals from these counters are used in the
event trigger and in the luminosity monitor.

Events used in the analysis were required to
have a central electron candidate (|n] < 1.1) which
passed the hardware trigger requirements of (1)
at least one beam-beam counter signal on both
sides of the detector; (2) transverse electromagnetic
energy(6] ET(EM) of 5 GeV or more in a “trigger
tower” of An x A¢ = 0.2 X 15° and (3) the total
Er(EM) exceeding a threshold which varied from 7
to 15 GeV depending on run conditions. This work
is based on 4 x 10® recorded events corresponding
to an integrated luminosity of 25.3nb~1.

Two separate analysis paths were followed. One
focused on missing transverse energy (fr ) in or-
der to identify events with a “missing” neutrino. A
second path focused on the identification of isolated
electrons. Both analysis paths, discussed in detail
below, led to essentially the same set of W candi-
date events, providing a robust cross-check of the
detector performance and calculated efficiencies.

We start with the Jir path. Jr is defined as the
magnitude of the vector sum of transverse energy
over all the EM and hadron cells of the calorimeter
in the region |n| < 3.6. The total transverse energy
(Er) in an event is defined as the corresponding
scalar sum. A total of 4178 events passed the re-
quirement that the Fr be greater than 25 GeV.
A jet clustering algorithm(7] was applied to each
event, with 1604 events passing a requirement that
there be at least one cluster with Ex(EM) > 15
GeV in the detector towers within the range |n| <

Further cuts were imposed to suppress sources of
background peculiar to the Er sample: (1) Events
triggered by cosmic rays and stray particles from
the Fermilab Main Ring (which passes above the
detector) were suppressed by requiring less than 3
GeV of energy in the central hadron calorimeter
outside of a 20ns interval centered at the beam
crossing time. (2) A sensitivity to low energy neu-
trons is seen in the gas hadron calorimeters as clus-
ters with little EM energy. We defined as spu-
rious and removed any cluster with less than 5%
EM energy. Based on the study of an indepen-
dent sample of jet triggers, we estimate that only
0.031:0.03% of real clusters would be lost by this re-
quirement. (3) Events with a cluster greater than 5
GeV within a A¢ = £30° interval opposite to the
leading cluster were eliminated (di-jet cut). This
cut removed QCD jet-jet events in which mismea-
surement of the energy of a jet induced a large value
of Fr along the jet direction. (4) Overall fluc-
tuations in Fr measurements contribute to back-
ground. Studies of “minimum-bias events” show
that in a projection on any given axis Fr has
a Gaussian distribution with an rms deviation of
o = 0.74/E7s, where all energies are expressed in
GeV. Here E7v is the total scalar transverse energy
observed within |n] < 2.4. Events were required to
have fr > 2.84/Fp/, a value determined from a
sample of jet events to ensure a clear separation of
jet induced background.

Of the 115 events which passed the above crite-
ria, 22 have electrons based on very loose cuts: one
track with momentum P pointing to a cluster with
energy E such that £/P < 2 and Egp/(Eem +
Egap) > 0.85. A scan of the 115 events shows
there is none in which a track has been missed. The
remaining events include one event which has a 9
GeV/c track pointing toward a 30 GeV cluster, con-
sistent with a real W — ewr plus bremsstrahlung.
A theoretical calculation[8] predicts that 3 + 1% of
the electrons from W decay radiate more than 50%
of their energy, and hence would fail the E/P <
2 cut. Most of the remaining non-electron events
in the Jir sample are residual cosmic rays, Main
Ring background, “coherent” electronic calorime-
ter noise, mismeasured calorimeter energy identi-
fied by a large mismatch with the momenta as mea-
sured by the tracking chambers, or measurement
fluctuations of multiple jet events.



We now describe a parallel W search based on the
identification of electrons. Events were selected by
requiring an isolated, central EM cluster (|5| < 1.0)
with E7 > 15 GeV. The hadronic to EM ratio of
the energy in the cluster was required to be less
than 0.05, a value determined from test beam data
to be 96% efficient for electrons. If E¢ is taken
to be the total transverse energy within a cone of
radius R = /An? + A¢? = 0.4 centered on the
electron cluster, we define a measure of isolation
by I = (E¢c — E7)/E7. An isolation cut required
I < 0.1. A total of 3753 events satisfied these
criteria.

The jet background was reduced by requiring at
least one track with momentum P pointing at the
cluster such that E/P < 2. There are 138 events
which passed this cut. Six of these have a second
EM cluster with a high invariant mass for the pair
and are considered Z — et e~ candidates. The
remaining background is dominated by QCD jet
events where one jet fakes an electron. To reduce
this background a di-jet cut was applied which re-
moved events having a cluster with Er > 5 GeV
opposite (£30° in ¢) the electron candidate, leav-
ing 62 events. A requirement that fr > 25 GeV
reduced the sample to 22 W — e v candidates, the
same 22 found by the JFr analysis path.

Sample distributions relevant to the analyses are
shown in Fig. 1. The distribution in transverse
mass My = [2E$E#(1 — cos Ad.,)]'/? is shown
in Fig. 2. A fit of the expected spectrum gives
Mw = 80.0 + 3.3 £+ 2.4 GeV/c?, where the first er-
ror is statistical and the second is systematic. The
systematic error is dominated by the uncertainty
in the absolute energy scale.

The cross section and its estimated uncertainty
are determined by using the 22 events corrected for
efficiency and background. Efficiency and back-
ground estimates for the two analysis paths are
shown in Table 1. Three potential types of back-
ground to W — e v are the sequential decay W —
Tv, — evX, jet events with one jet faking an elec-
tron, and possibly a top quark directly producing a
high Er isolated electron. The jet background was
calculated from the data while the other two types
were estimated from Monte Carlo studies.

Efficiency losses resulting from the electron ra-
pidity cut, thresholds, and gaps between calorime-
ter modules (fiducial cuts) were calculated by
Monte Carlo studies. The electron rapidity cut is

the largest source of systematic error due to uncer-
tainties in the structure functions. All other effi-
ciencies were found directly from data.

The luminosity is based on information from the
beam-beam counters. We have estimated the cross
section seen by these counters as 44 + 6 mb by ex-
trapolating from lower energy measurements(9).

We obtain o - B(W — ev) = 2.6 + 0.6+0.5 nb.
This result is shown along with previous measure-
ments in Fig. 3. The expected increase in W pro-
duction is observed.

This work would not have been possible without
the skill and hard work of the Accelerator Division
of Fermilab. We thank the staffs of our institutions
for their many contributions to the construction of
the detector. This work was supported by the U.S.
Department of Energy, the National Science Foun-
dation, the Istituto Nazionale di Fisica Nucleare,
the Ministry of Science, Culture, and Education of
Japan, and the A. P. Sloan Foundation.



] | Br | Electron |

Background (events)
Wory, 0.6 +£ 0.1
Top < 0.2
QCD Jet <0.2 [ 0.6+0.3
Selection Efficiencies
7] < 1.0 0.50 + 0.05
Detector gaps 0.91 £ 0.01
Thresholds 0.84 1 0.02
Di-jet cut 0.91 £ 0.02
Radiative-
corrections 0.97 4+ 0.01
Tracking X 0.98 + 0.02
Had/EM - 0.96 + 0.04
Isolation - 0.99 £ 0.01
Timing 0.99+ .01 | -
Total 0.33+0.04 | 0.3140.04

Table 1. Background and efficiency values for the Fr and
electron analysis paths. The Er and Er cuts are included in
“Thresholds”, as is an electronic trigger efficiency of 99.7%.
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Figure Captions

Fig. 1. (a) The distribution of events in isolation I
versus (Fr /+/Er:) where Fr and Eq are in GeV. The
sample contains events which satisfy all electron cuts
except the isolation and Er cuts. Events with I > 0.3
are not shown. The dotted lines indicate the final cuts.
(b) The distribution of E/P for the 22 W candidates.
(¢) The distribution of Er versus Ep for the 61 events
in the “electron” analysis path before the final Fr cut.
The horizontal dotted line indicates where the Fr cut
was imposed.

Fig. 2. The distribution in transverse mass for the
W candidate events. The curve is an ISAJET[10] pre-
diction for a W mass of 80 GeV/c2.

Fig. 3. The cross section times branching ratio for
W — ev versus c.m. energy. The prediction is from Ref.
3, adjusted for a W mass of 80 GeV /c2. The dotted lines
indicate the 1o error limits for the theoretical curve.
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